: Projected density of states (DOS) of the d states for the four titanium ions in the SmSr superlattice (Ti 1 -Ti 4 as defined in the main text).
: Amplitude Q (Å) of lattice distortions for the relaxed (using PBEsol+U) ATiO 3 Supplementary Table 5 : The gain of energy for the FM solution compared to various AFM solutions in units of meV per 20-atom formula unit. The two superlattices chosen represent the ones of the main text with the strongest and weakest FM solution. ∆E is, as defined above, with respect to the AFM solution allowed within the 20-atom unit cell, ∆E 1 is with respect to the new AFM solution achieved within the 40-atom pseudo-cubic cell (2×2×2 with respect to cubic 5-atom bulk cell) and ∆E 2 and ∆E 3 are with respect to the CE-type AFM solutions allowed within the 40-atom 2√2×√2×2 cell where the longest axis or shortest axis is aligned with the polar direction respectively. Finally 80-atom unit cells (2√2×√2×4 with respect to cubic 5-atom bulk cell) were constructed with pseudo T and S AFM orderings [7] . Again the longest axis (∆E 4 and ∆E 5 for T and S respectively) or shortest in-plane axis (∆E 6 or ∆E 7 for T and S respectively) can be aligned with the polar direction for each ordering. *indicates the calculation was performed without AFD motions, only allowing for the breathing Jahn-Teller to appear. As described in the main text, for a sufficiently large on-site Coulomb repulsion U (here we report for U=5.5eV) the system remains insulating with d xy orbital ordering. 3 . Whilst the spin density shows strong ordering, the total density less so.
Supplementary
As can be seen, whilst the 'd 0 ' have a lower t 2g occupancy, they nearly make up for the total charge through gaining significant (non-spin polarised) weight from the e g compared to the 'd 1 ' sites. This is due to the strong hybridisation of the e g with the neighboring O 2p in the contracted octahedra around the 'd 0 ' sites.
Supplementary Note 1
The term "charge ordering" throughout the main article is used in the traditional sense as applied to, for example, the manganites, nickelates, ferrites and vanadates where a metallic to insulating transition is observed accompanied by the appearance of two unique transition metal sites, commonly thought to show two distinct valence states. The actual degree of charge ordering is ill-defined, depending on the non-unique method of partitioning charge amongst species, but various estimates typically suggest minimal charge disproportionation actually occurs in these materials (see for example the discussion within reference [8] ). Similarly we calculate using Mulliken populations or LDA+U occupations the difference of charge to be only approximately 0.1 electrons between the two Ti sites. In this regard, it might be more accurate to replace "charge ordering" by "spin-density ordering" within this article. The inequivalence between the two Ti sites here is not only seen through the magnetic moment and orbital occupations, but also the Born effective charges which are reported here in Supplementary Tables 6  and 8 .
Finally we would like to comment on the nature/origin of the associated breathing oxygen cage. Intuitively, there might be a balance between the energy cost typically associated to the activation of the B OC motion in the parent compounds and the energy gain associated to the electronic reorganization it produces in the superlattice. We have run additional calculations to confirm this picture. Taking a representative superlattice, we first relaxed a Pmc2 1 reference configuration (without B OC motion, but keeping the AFD, M JT and P xy modes), imposing this symmetry for both the atomic and electronic configuration, and observe no charge ordering. Keeping the atoms fixed in this Pmc2 1 reference structure but removing the symmetry constraint for the electrons, lowers the energy of the system by 15 meV, and allows for a charge ordering on the Ti sites even in absence of the B OC atomic motion. This confirms that the charge ordering is a purely electronic instability that tends to break spontaneously the symmetry of the Pmc2 1 phase. Then the charge ordering is further stabilized through the B OC ionic relaxation. It is therefore primarily an electronic effect further stabilized by the relative softness of breathing oxygen motions in perovskites.
